The management of chronic and out-patients is a complex process which requires the cooperation of different agents belonging to several organizational units. Patients have to move to different locations to access the necessary services and to communicate their health status data. From their point of view there should be only one organization (Virtual Health-Care Organization) which provides both virtual and face-to-face encounters. In this paper we propose the Serviceflow Management System as a solution to handle these information and the communication requirements. The system consists of: (a) the model of the care process represented as a Serviceflow and developed using the Workflow Management System YAWL; (b) an organizational ontology representing the VHCO; and (c) agreements and commitments between the parties defined in a contract (represented as an XML document). On the basis of a general architecture we present an implementation in the area of Diabetes management.
Interacting agents through a web-based health serviceflow management system
Giorgio Leonardi a, * , Silvia Panzarasa b , Silvana Quaglini a 1. Introduction
Problem setting
In the past, acute diseases represented the major cause of disability for the world's population. Traditional primary care practice was largely designed to provide rapid access and care to patients with acute problems, with an emphasis on patient flow, short visits, diagnosis and treatment of actual symptoms and signs. In such a framework health-care professionals are the main actors while the patients are generally ''passive subjects''.
More recently, with the progressive increase of life expectancy, the management of chronic pathology and home-based care also became highly relevant problems for the health-care systems and because the associated costs now represent a relevant fraction of the total of health-care related costs.
Actual health-care systems are not adequate to meet this change [20] and the new derived issues, such as a patient management over a long period, the cooperation of personnel with different health-care skills, and the timely identification of side effects of long-term therapy. These issues result in discontinuity and fragmentation of care.
In order to cope with new needs, both practice and responsibilities are to be shared among professionals, patients and their caregivers (e.g., relatives, home assistants, etc.) [21] . In this way, far from still being a ''passive subject'', the patient becomes one of the main actors and the main responsible for his/her own daily management and possible behavioral changes (self-determination) [22] . This leads to a sort of ''assisted self-management'', a new way of care delivery that could be both efficient and effective if the organization succeeds in:
1. educational programs for spreading health-care-related knowledge among citizens; 2. retaining the patients to the institutions; 3. technology exploitation, providing patients with means for evaluating their status.
Self-management, of course, does not mean that patients take critical decisions by themselves: they will regularly need to interact with health-care organizations. Even more, the management of chronic and out-patients requires the cooperation of different actors belonging to different health-care organizations. Patients need several health services: specialist visits, instrumental examinations, therapies and prescriptions. Moreover, they may need to communicate their health status data from home or from wherever they are. The challenge is to lead them through this flow of services while hiding the complexity of the different structures.
Summary of approach
We designed and built a Serviceflow Management System, which is able to manage the overall care delivery process by establishing a tight link between different organizational units and professionals without mutual knowledge about their work processes. This goal can be archived only through an efficient and safe communication between the different actors and a synchronization of all the processes involved. The architecture proposed allows a single organization to deliver the required services and it fosters patient self-management supporting his/her journey into a complex net of services. In this paper, we describe a system that tries to meet these requirements and the corresponding implementation in the area of Diabetes management.
Outline of paper
The remainder of this paper is organized as follows. Section 2 presents the approach and the architecture model within a virtual health-care organization. Section 3 summarizes the technological solutions adopted in realizing the Serviceflow Management System (e.g., ontologies, contracts and YAWL). Next, Section 4 presents the clinical application. Conclusions are given in Section 5.
Approach

Virtual health-care organization
From the patient point of view there should be only one organization. All the actors involved in the care, both human and software agent, should seamlessly constitute the so called Virtual Health Care Organization (VHCO).
A VHCO is a partnership of different health care organizations (HCOs), which can be in different places, but cooperate towards a common goal (in our case the care process management).
To reach this goal, the involved Organizational Units (OUs) have to share knowledge, resources, data and fragments of processes [23] . An OU represents an HCO, or the divisions of an HCO offering different services. The VHCO processes are composed of several activities distributed across several organization units. Each OU performs a part of the overall care process, supplying the patients with the necessary services. We assumed that the whole care process is managed through both virtual and face-toface encounters.
The fundamental part of the care management is represented by home-care activities carried out by patients: selfmonitoring of clinical data and self-administration of drugs. On a regular basis the overall status of the patient is examined by health care providers through periodical control visits. For planning and adapting therapy, and in addition other specialist visits, exams and tests may be scheduled (face-to-face encounters).
In addition to this ''classical'' care delivery, patients can also communicate any useful information about their health status via the Internet. Software agents can also ask specific questions to patients, acting as automatic monitoring system [25] , such as the Multi Access System (MAS) described in [26] . This information is examined by the health-care providers in a synchronous or an asynchronous way. So, thanks to the remote connection via the Internet, the patient is able to send data and receive recommendations (virtual encounters).
In our approach, every OU offers services not covered by any other OU in the VCHO. The initial VHCO's composition must be approved by the patient, because she/he must trust the OUs in the VHCO and the way they offer the services. This composition must not change for a long time, and changes such as the integration of new OUs or the substitution of already integrated ones must be contracted and accepted by the patient and must be strongly motivated and necessary.
Architecture
The architecture of the proposed system, as shown in Fig. 1 , involves three levels.
At the Organizational Units (OU) level, OUs manage their processes and activities using applications and/or workflow systems [30] . The overall care process involves the cooperation between the different OUs, but this doesn't have to affect the way the activities are implemented. To obtain this, each OU implements its activities with private processes, without exposing its internal structure. Other OUs just know that certain activities are carried out, without caring about how they are implemented.
To allow the communication between different OUs, fragments of processes are published through Service Pro-cesses (SPRs), that act as a public interface. A SPR is a public abstraction of the services the organizational unit is able to deliver. A SPR definition contains information on the service provider and the conditions and/or constraints to be respected to request and obtain the service. The service level of the architecture is composed of the set of all SPRs that have been published.
At the top, we find the coordination/communication level of [23] , composed of all the services offered by the VHCO to the patient. Service Points (SP) (defined in Section 2.3.1) represent these services and are able to coordinate and synchronize any interaction and data flow needed to fulfill the service, exploiting the SPRs as interfaces for the communication and cooperation between the OUs involved.
As highlighted by the dotted line in Fig. 1 , the model clearly separates the service offered by the organization from its implementation, in order to meet the privacy needs and the implementation choices of every organization unit.
Definition of terms
Our modeling approach has also been inspired by recent work in the field of computer supported cooperative work [44, 45] . Being concerned with social relations and interactions, we use serviceflow modeling (see Section 2.4) to bring out the different actors' perspectives and keep them involved while envisioning change and deciding about design and use of information technology within the service performance.
Before introducing the definitions of serviceflow and serviceflow management system (Section 2.4), however, it is useful to introduce some terms that allow to better understand these concepts and the whole system architecture: the notion of Service Point (SP) and Service Process (SPR).
Service points
To simplify matters and to enable structuring from the provider's point of view, we define a serviceflow in terms of Service Points (SPs). A service always creates some social situation, it needs a ''place'' [50] which frames the situation where service tasks are carried out, e.g.,
• service staff evaluating the client's concern and serving her/his needs (in these situations the client's presence may vary from being present, being present through telecommunication, or being virtually present through one of his objects or through a representation of the concerns); • client is served by some auto-operational device (e.g., a web portal) on behalf of the service provider.
These places are called SPs. The ''service consumer'' and the ''service provider'' meet at SP: here, based on previous agreements, the consumer asks for a service and waits the producer to fulfill it, not taking into account how the request has been processed. So, the SP coordinates the activities of the involved OUs, ensuring their organizational autonomy.
SPs are characterized by pre-and post-conditions [28] that are, respectively, input and output parameters. In order to enable the Service Point, all the pre-conditions must be satisfied, while the post-conditions determine the SP success. In fact, it is a SP's task to coordinate the work activities monitoring the work during its execution, validating the executed activities and managing dynamic process changes and exceptions.
Service processes
In order to manage the coordination between partners, a SP uses the Service Processes (SPRs). To take part in cooperative projects, an organization must declare what it can offer to partners, using the description of the offered products and services. Moreover, business processes need feedback, in order to control their own work progress. However, business processes are part of the enterprise strategic core, as they represent the organization know-how and contain a lot of proprietary information. Since all the outcomes are the result of an internal business process, partners must not have direct access to this information.
A process service, conceptually based on the Service Oriented Architecture (SAO) paradigm, is an abstract representation of an enterprise private business process. The process service model is a layered model, where the process service layer is a public abstraction of the outcomes the enterprise is able to deliver, and the business process layer is the internal process flow in the enterprise.
Besides the outcomes (products and events) description, a process service definition (close to definition of [24] ) contains the conditions surrounding the offers (inputs, guarantees, observable states, etc.), as well as the provider's information (access information, communications modes, etc.), and includes information dedicated to data and activities synchronization, transactional management, and retrieval of services state [23] . OUs offering the same service in different ways, publish two different SPRs. Using the process service abstraction level, the cooperative process realization boils down to the problem of process services composition and integration. A cooperative process becomes a set of cooperative activities called SPs. These SPs coordinate the work of the partners involved and interactions between SPRs. To achieve this coordination, a SP implements several functions supporting computer-mediated cooperation for controlling, deciding and evolving the cross-organizational cooperative process.
Serviceflow modeling
The model described in this paper involves several actors belonging to different organizations. The aim is to create a communication channel in order to permit the exchange of information and documents. The design of such a system is a complex process because there are several requirements to consider. As stated by Wetzel and Klischewski [27] these requirements can be structured in four dimensions:
1. Flexibility. The process is characterized by an high variability so it has to support flexibility and adjustment of the services. 2. Customer orientation. The inter-and intra-patient's variation of needs has to be considered. 3. Interoperability. The software systems of the organizational units have to communicate with each other and to exchange knowledge and documents. 4. Agreement. All the actors involved in the management of the care process have to enter into agreements (the choice of IT support, the communication protocol and the timing and modalities of the service delivery).
In order to satisfy all these characteristics, we focused, in the design of the system, on Serviceflow Management (SM). This concept has been developed especially to meet the requirements of public service domains, but it can also be applied to other service domains such as the health-care. While the client (the patient, in our case) naturally follows her/his individual concerns, the service provider (the VHCO) offers its performances as ''pieces of work'' (services) performed by one or more business organizations, based on the recognition and satisfaction of customer needs. The notion of serviceflow (SF) is meant to pick up both of these perspectives:
• From the customer's perspective, a serviceflow gives a customer the feeling of being embedded in a coherent ''flow of service'' taken care of by the service organization(s) where the service provided ''follows'', ''accompanies'' or ''precedes'' the customer as she/he moves through time and space.
• From the service provider's perspective, the emphasis is on the integration and coherence of all situated subservices across temporal, spatial and team boundaries, which are combined to form a continuous and complex overall service to satisfy the client's need (based on standard processes).
The notion SF indicates the interrelation of all subservices whereas what actually flows is 1. the customer's concern (which may evolve over time) related to a service agreement and his/her accumulated service experience (often supported by the customer's physical or virtual presence), as well as 2. the documented plan and history of each individual sequence of service tasks.
The aim of SM is to provide a process representation, which may serve as a basis for:
• cooperation agreements between the service providers involved in a SF (i.e., process patterns for standardized SFs); • service agreements between client and customer (i.e., personalized process patterns); • individual process documentation to be passed on between the service providers.
Also, modeling must allow for flexibility and decentralized control of what service tasks are to be carried out and what should be the schedule for service tasks to follow.
As mentioned before, we define SF in terms of SPs. We model the previously mentioned ''pieces of work'' as SPs, in order to obtain a SF as ''The successive interrelation of a number of SPs'' [27] .
The advantage of this approach is twofold: from the patient's (customer) point of view, the coordination and synchronization of all the services needed is assured, while from the OUs (providers) point of view it permits to separate the definition of the internal workflow processes, focusing on the method of providing the services outside.
The model described requires, as stated by Weigand and van den Heuvel [29] , commitments and agreements between the parties involved. These information must be formally represented into contracts, used by the SPs during the execution of the SF.
The interrelation of SPs is subject to possible changes: whereas the SF history (the sequence of SPs passed) is, of course, not changeable, the SF schedule, i.e., the part of the SF pattern with SPs not visited yet, may be manipulated by deleting or adding SPs or changing their order.
3. Technologies used to realize the serviceflow management system
Overview
The Serviceflow Management System is implemented by means of the following technologies:
• a Contract, which states the agreements between the parties involved, driving the choice of the services needed by the patient; • an Organizational ontology, defining the organizational structure of the VHCO; • Workflow processes implemented by means of the Workflow Management System YAWL [31] . At the coordination/communication level, we realize the SF defining every SP as a task of a workflow. We refer to the binding of a SP and a task with a decomposition at the service level as Task/SP. The Task/SP activation is driven by the contract, which points out What services must be activated, When it is the moment to activate them, and Who are the Actors involved. The organizational ontology provides information about Where the Actors are located in the VHCO, and the role they have in the service.
Every Task/SP, when activated, starts a sub-process, located in the service level of the system architecture (see Fig. 1 ), which contains the definition of the SPRs provided by the involved OUs. These sub-processes are structured so that their execution is able to respect the interfaces defined for communication/cooperation purposes in the context of the service required.
At a communication level, since all the information exchanged through the SPs should be persistent and easily interpreted, we use XML documents. We exploit this language to formalize all the data and information exchanged, and also to define the Contract terms and the organizational ontology. The processes, from the one which implements the SF, to the SPRs and their interactions at the service level, are implemented using the open-source workflow management system YAWL.
In the remainder of this section, we elaborate on each of the technologies used in the design of our Serviceflow Management System. 
Organizational ontology
Research on ontologies is becoming increasingly widespread in the computer science community. An ontology is defined as ''an explicit specification of a conceptualization'' [8] , and is now gaining a specific role in Artificial Intelligence and other fields, such as knowledge engineering [9] [10] [11] [12] , knowledge representation [13] [14] [15] , medicine [16] and many others, including knowledge management and organization [13] [14] [15] .
Ontologies allow to formalize a knowledge domain by means of concepts, attributes which characterize them, and relations between the concepts. Instances can be created to obtain real ''objects'' from the concepts defined. By means of these instruments it is possible to create a structured formalization of the domain which will be populated with real data by creating new instances. In this way, every instance is not just a data, but it has a meaning and is related to the other created instances.
The serviceflow management system uses an ontology in order to formalize an abstraction of the virtual health care organization involved in the patient's care process. This organizational ontology specifies the organizational units, the roles and the resources involved in the care process and their location. This provides the system with a general view of the organization in order to involve the correct agents and retrieve their needed information for every service activated.
Ontologies can be made machine readable by means of their XML representations. Many languages has been defined, such as RDF [17] , or OIL [18] , in order to translate the ontologies in electronic format, together with queries and restrictions on the data. We just need to represent the structure of the virtual health-care organization, so the XOL [19] language is chosen, because it can represent classes, attributes, relations and instances with great simplicity.
Contracts
An essential aspect of inter-organizational cooperation is the mutual commitments that parties must accept to integrate their processes [29] . Contracts are the most natural way to prescribe the coordination between the partners involved, and are used to make explicit the (legally binding) commitments the partners (agents) make, driving the actions and services to be performed. These commitments comprise the ''glue'' which integrates the autonomous organizational units into virtual ''alliances'', in order to formalize the shared goals and policies of the VHCO.
As mentioned in Section 2.3.1, SPs exploit the information contained in the contracts to monitor the interactions between partners and to activate the right services at the right time, involving the right people and OUs. To achieve this result, we state that contracts must be composed of four sections, at least:
• a Legal section defining the legal aspects of the contract;
• a Who section defining the agents involved (e.g., the patient and her/his physician); • a What section describing contract subject and relationships to be satisfied (e.g., the type of Diabetes and the types of visits to be performed), and • a How section defining the execution steps: activities to be performed, ways to perform them and their timings (e.g., frequencies of any of the visit defined).
Contracts must be machine readable, in order to be exploited by the system. In particular, they are formalized in XML language following the recommendations proposed by the Crossflow organization [5] [6] [7] .
Yawl
In our serviceflow management system we use YAWL, an open source workflow management system. There are two reasons for using YAWL. First of all, YAWL is based on the well known workflow patterns [20] , 2 and hence it is a more expressive language than any of the commercial systems on the market. Second, through the worklet service [46] [47] [48] YAWL allows for much more flexibility [38] [39] [40] [41] [42] [43] [44] . Both expressiveness and flexibility are clearly important in this domain. Therefore, we selected YAWL. In the remainder we briefly describe the basic concepts in YAWL and the ability to use Worklets.
In the last years, despite the efforts of the Workflow Management Coalition [1, 2] , the workflow products support languages that differ significantly in terms of concepts, constructs and their semantics [3, 31] . Thanks to the workflow patterns initiative [33, 32] , the sets of the most relevant workflow patterns are now available, together with the documentation for integrating them in existing workflow languages [32, 34, 35] . A detailed description of these patterns can be found in [3, 4] .
To overcome these limitations and exploit the patterns defined, workflow researchers at Eindhoven University of Technology and Queensland University of Technology developed a language called YAWL (Yet Another Workflow Language) [36] . YAWL is inspired by Petri nets, but it is a completely new language with independent semantics. YAWL is highly expressive [31] and provides direct support for all the workflow patterns, has a formal semantics and offers graphical representations for many of its concepts.
The graphical representation of the language's modeling elements is shown in Fig. 3 . A workflow specification in YAWL is a set of extended workflow nets (EWF nets) which form a hierarchical structure.
Tasks may be atomic tasks or composite tasks representing EWF nets at a lower level in the hierarchical structure. Each task can be instantiated multiple times using the concept of multiple instances for atomic or composite task. Conditions can be seen as places of a Petri net. Every process definition starts with a unique input condition and ends with a unique output condition. Connections are possible between condition-task (and vice versa) and task-task. The latter may be interpreted as an implicit hidden condition between the tasks connected. AND, XOR and OR splits and joins are natively supported using the corresponding symbols in Fig. 3 . YAWL also provides a notation for removing tokens from a specified region: the remove tokens construct. This language is supported by the YAWL system, composed of the YAWL Editor, which permits the visual editing of workflow definitions and the data they exploit, and by the YAWL Engine, which performs the workflows execution.
An important point of extensibility of the YAWL system is its support for interconnecting external applications and services with the workflow execution engine using a service-oriented approach [31, 46] . In particular, the Worklet Dynamic Process Selection Service for YAWL allows to substitute a workitem in a YAWL process with a dynamically selected worklet-a discrete YAWL process that acts as a sub-net for the workitem and so handles one specific task in a larger, composite process activity [49] .
An extensible repertoire (or catalogue) of worklets is maintained. Each time the service is invoked for a workitem, a choice is made from the repertoire based on the data within the workitem, using a set of rules to determine the most appropriate substitution. The selected worklet is then launched as a separate case.
The service provides for dynamic ad-hoc change and process evolution, without having to resort to off-system intervention and/or system downtime, or modification of the original process specification. In particular, worklets are very useful to provide flexibility to this application, for example to enact different ways to perform a healthcare service on the basis of the patient's data, or writing a set of rules to automatically select the right SPRs for every SP on the basis of the data stored in the contract. This feature is not yet exploited in our application, but we are working to manage the health-care process flexibility integrating the use of worklets in the process model. This section presented all the technologies needed for the implementation of the web-based health serviceflow management system: the Crossflow project specifications to formalize the contract containing the main actors involved, disease treated, services provided with specified timings and constraints; the XOL language to integrate the organizational structure of the VHCO together with roles and resources involved in the care process; the YAWL process definition language for the implementation of the health-care process.
All these technologies are used for the implementation of the application, shown in the next section, while we are still working on worklets as a solution for the management of the process' flexibility.
Clinical application
Application scenario
We designed and built a serviceflow management system able to manage the interaction between the partners involved in the care process of the patient. It is guided by a formal contract which defines the patient's needs in terms of services in order to deliver the health service negotiated between health-service consumer (patient) and providers (health-care professionals). The system is able to manage the interactions between patient and health-care professional interactions through the Web-based Health Serviceflow Management System (WbHSMS).
The patient is asked to be periodically submitted to two kinds of visits in order to monitor the evolution of her/his health conditions: face-to-face encounters and virtual encounters. The system relies on an organizational ontology which provides a formal representation of the human agent roles and resources as well as material resources needed to manage the service she/he is willing to receive.
The main agents involved in this application are:
• Patient: the patient suffers from diabetes (even if the application could be adapted for almost any chronic disease). This kind of patient needs to be visited on a regular basis by her/his physician through face-to-face and virtual encounters and to access different OUs for some prescribed exams and tests. A health-care professional is committed to manage her/his therapy plan. The number and frequency of the encounters are defined in a formal contract that has to be subscribed during the first faceto-face encounter. All the care management activities must be performed in agreement with this contract.
• Health-Care Professional (HCP): she/he is involved in the care delivery of her/his patient, until the end of the therapy (if the patient dies or no other therapy is good for her/ him). The HCP must assess the clinical relevance of the health care information collected through the face-to-face and virtual encounters scheduled in the contract, and can execute the following actions: (1) to ask the patient for further information, needed for a better assessment of her/ his health state; (2) to call the patient for an extra faceto-face encounter to quickly assess and solve an unexpected occurred problem; (3) to change the current therapy on the basis of the acquired information, and (4) to revise the contract terms, changing the face-to-face and/or the virtual encounters plan previously scheduled.
• Web-based Health Serviceflow Management System (WbHSMS): The user interface to the system is Webbased for the users accessing the Internet or based on the MAS interface. By means of the WbHSMS, the patient can send to her/his HCP the required personal information about her/his health status, life style and the results of clinical exams and/or tests performed in any organizational unit. Once contacted for a virtual encounter, the system can remind the patient the date of the next face-to-face encounter or read, through a Text-to Speech system, a message sent by the HCP. By the other hand, the HCP connects to the WbHSS to read the information sent by her/his patient, take the proper clinical actions on the basis of the information read and communicate these decisions to the patient.
All the interactions between the agents involved are formalized as ''services'' offered to the patient. The SF application and the data needed (contract, organizational ontology and data as XML documents) are realized by means of the technologies introduced in Section 3.
The components implemented and the clinical applications are presented in the next sections, following the structure of Section 3.
Organizational ontology for the application
In order to manage the interactions between the agents involved, this system must be able to know who the agents are, what are their rules, the resources available and where they are located. For example, the booking of a retinopathy screening could activate the HCP and an automatic booking system at the ophthalmologic lab, while the booking for a blood test could enact the communication between the patient and a human agent at the right health-care unit. The way a service is provided could change depending on the different actors involved. For this reason, we must formalize the whole VHCO in order to acknowledge the system about the organizational structure details. This organizational model is based on an ontology, which formally represent the organizational structure, the roles, the resources (human and material), involved into the SF and the relations between them.
The system exploits this ontology at the coordination/ communication level of its architecture (see Figs. 1 and 2 ). Every time a SP is activated, the system uses the information stored in the ontology in order to enact the resources needed to provide the service.
The data in the ontology is updated ''on the fly'' in order to keep it consistent. For example, when a new physician registers into the system, her/his data are added as instance of the proper concept derived from the ''Physician'' one. Fig. 4 shows a basic ontology which represents some of the most important resources involved in the care process. The resources formalized are human and technological. The human resources are composed by the physician (general practitioner or specialist), the patient and a technical operator. Technological resources comprise the MAS devices and the interfaces used for the virtual encounters. Fig. 5 shows the part of the XML ontology defining the Patient's concept, the Physician's concept, the Patient's Address attribute and the relation In charge of which states that a Physician is ''In charge of'' a Patient.
Contract for the application
The agreements between HCP and patient about the therapy plans are formalized in a contract. This contract defines:
1. Agents and disease treated: it defines the patient's and the HCP's personal data (Who part of the contract). It also defines the disease treated (for example ''Diabetes, Type II'') as the What part of the contract. 
Virtual encounters plan:
it defines what kind of information must be requested to the patient, and the frequency of the contacts between patient and WbHSMS to send this information to the HCP. For example, she/he must measure her/his blood pressure once a day, and communicate the values twice a week. On the other hand, the HCP must periodically read and analyze the data sent by the patient with a defined frequency. 3. Face-to-face encounters plan: it defines the period of time between two consecutive face-to-face encounters. Once an encounter has occurred, the patient must wait for this period to elapse before undergoing the next one. For this reason, the system must be able to remind the patient the date of the next encounter. 4. Temporal constraints for executing actions by HCP and patient according to the plans:
• HCP's temporal constraints: she/he must analyze the data sent by the patient to the WbHSMS within a maximum time and must never ignore them. She/he must notify the completion of this operation every time she/he connects to the WbHSMS to read the data. She/he must also communicate to the patient the result of any face-to-face or virtual encounter within a prescribed maximum time.
• Patient's temporal constraints: it is allowed that the patient undergoes a face-to-face or virtual encounter within a maximum time after the scheduled one.
The plans and the temporal constraints form the How part of the contract. As mentioned in Section 3.3, the contract is mapped in the XML representation of the Crossflow project [5] [6] [7] contract definition, and is updated on the fly any tme new information and data are provided during the execution of the application. The contract is exploited in the coordination/communication level of the system architecture (see Figs. 1 and 2 ), in order to activate the right services at the right time. For example, let the patient stipulate a contract for a rethinopathy screening twice a year, starting from the contract stipulation date. When the current day approaches the screening date, the Face to Face Encounter Booking service point is activated (see Fig. 9 ) in order to enable the contact between the patient (or her/his HCP) and the ophthalmologic lab and perform the booking of this face-to-face encounter.
Serviceflow application in YAWL
This is the main part of the application. Here, the relations between the agents involved become services available to the patient, and the overall care process is provided as the right sequence of services needed for her/him.
The application is implemented as a multi-level workflow: the main level is the implementation of the serviceflow (Coordination/Communication level), where every SP is realized as a task of the main level's process. The Service Pro- cess level is implemented with sub-processes at the lower level of the workflow. The details of this implementation, together with examples that clarify the concepts, are presented in the following sections.
Coordination/communication level: the serviceflow model
The analysis of the interactions between the agents took to the identification of a set of services, formalized as SPs. The interrelation of those SPs generates the SF illustrated in Fig. 9 . This serviceflow is the implementation of the model in the Coordination/Communication seen in Fig. 2 .
The SF model also involves the definition of the data to be entered and managed, like personal information, clinical data to be examined, etc. Those data are formalized in XML language, to be easily integrated with the process definition. Even the contract and the organizational ontology are integrated as data in order to be easily exploited by the system.
Following the flow of services, we can see a first part of the ''contact'' between patient and HCP. First of all, the HCP registers to the system entering all her/his personal and professional data; then, the same does the patient also indicating who is the HCP responsible for him. Finally, a face-to-face encounter takes place, after a booking phase. During this encounter, the HCP assesses the patient's condition, decides the terms of the contract mentioned before and proposes them to the patient. Once HCP and patient agree on and subscribe the contract, its data is entered into the system in order to manage correctly the following services. Fig. 6 shows the interface which allows the patient and her/his HCP to fill in the contract terms, at the end of the encounter. By means of this interface, it is possible to:
• confirm HCP's and patient's data (who section of the contract),
• the type of disease treated, the types of encounters (what section) and • their timings (how section).
For example, this patient suffers from diabetes type I, so he stipulates a contract with his HCP in order to be followed during his care process. This contract states that the patient needs to undergo a retinopathy screening (a face-to-face encounter) twice a year, and to measure his glycemic level at home (as a virtual encounter) twice a day. These terms are then filled in by means of the user interface, and the system automatically updates the XML contract. Fig. 7 shows the piece of XML containing some of the patient's data, while the piece of XML contract containing the retinopathy screening and its timings is shown in Fig. 8 .
After that, the flow splits in three main parts:
• On the top, we find the first phase of a virtual encounter: the first SP allow the patient to contact the WbHSS in order to send her/his health status data and receive potential recommendations and communications from her/his HCP. The next one allow the management of potential errors in the data sent.
• In the middle, the HCP concludes the virtual encounter by reading these data and taking actions on the basis of their clinical relevance: he can change something in the therapy or in the contract terms, or ask the patient for an urgent not scheduled face-to-face encounter. Changes and communications are entrusted to the WbHSS, which will propose them to the patient at the next contact for a virtual encounter.
• The bottom part allows the face-to-face encounters' execution: after a booking phase, patient and HCP meet for the encounter. After that, the HCP must communicate to the patient the encounter report and can also change something in the therapy or in the contract, or ask the patient for a not scheduled face-to-face encounter. The communications can be done by voice, directly to the patient, or later, by means of the WbHSS.
The entire process terminates when no therapy gives any advantage to the patient, or in case of patient's death.
Every task represents a SP, so it can be activated only if the pre-conditions defined for the corresponding SP are satisfied (e.g., if it is time to undergo to an encounter) and can be considered executed only when the post-conditions are verified (e.g., if the encounter is concluded and the report has been compiled). To obtain this, the pre-conditions and the post-conditions are coded in the task definition and verified on the real data and on the contract terms.
Service process level: implementation of the service processes
When a Task/SP is activated, it is necessary to enact the right agents in the right OUs in order to fulfill the service represented by the SP. The enactment and the cooperation of the agents is managed by executing the right SPRs at the Service Process level. To obtain this, every Task/SP is decomposed in a sub-process (located at the service level of the system architecture, see Fig. 2 ) that contains the definition of all the SPRs needed for the execution of the Task/SP. The operations defined in the SPRs are implemented as tasks of the sub-process, and these tasks are connected in order to coordinate the work of the involved OUs.
For example, the sub-process shown in Fig. 10 is called when the Task/SP ''Face to Face Encounter Booking'' is activated, and allows the booking of a face-to-face visit. It implements two SPRs: the one on the left defines the operations performed by the ''Customer'' (the patient or the physician who books the visit for him/her), while the one on the right defines the operations performed by the ''Provider'' (the booking service of the organizational unit providing the encounter).
This sub-process starts with the customer sending the booking request for the encounter (send request task). The provider receives the request and searches for a suitable date (receive request/search for date task). Then, the send date task allows the provider to send a message containing the date found to the customer, who receives it and evaluates the date proposed (receive/evaluate date task). After the evaluation, the customer sends a message to the provider, to accept or refuse the date. The provider has two possibilities (receive evaluation task): if the date has been refused, he/it must return to the receive request/search for date task in order to find another date and propose it to the customer for a new evaluation; otherwise the booking is confirmed (confirm date and send confirmation task), and a confirmation message is sent to the customer. The sub-process ends when the confirmation is received (receive confirmation task).
The SF application is then implemented by means of a multi-level workflow. The main level implements the SF, mapping every SP and their pre-and post-conditions in tasks. The lower level implements the SPRs needed to execute every SP, grouping them in sub-processes called by the activated SPs. The contract contains information about what kind of services are needed and what are the timings to activate them. So, applying these timings to activate the right SPs at the right time, it is possible to generate the sequence of services representing the evolution of the care process for the patient. The organizational ontology is able to maintain roles, resources and the relations between them, in order to implement the VHCO structure, offering information about the agents involved for every SP to be activated.
The workflow model has been implemented in YAWL, which has been shown to be a valid instrument due to its high expressiveness and completeness. The application presented here is the first implementation of Serviceflow modeling in the medical field using YAWL as process definition language, as indicated in [37] .
Currently we are investigating the use of YAWL in both a Dutch and a Chinese hospital in the context of the BrainBridge project. The goal is to focus on flexibility aspects (e.g., using worklets) and finding out how careflows are really executed (e.g., using process mining).
Conclusion
This paper presented an application of Serviceflow in the diabetes care field. As many chronic diseases, diabetes treatment requires the patient to move to different organizational units to meet the right agents, in order to receive the health services she/he needs and to communicate information about her/his health status and results of tests and visits.
In order to meet these requirements, we focus on Serviceflow Management (SM), that allows to model the health-care process on the basis of ''services'' tailored on the patient's needs. In particular, these services are offered by a single Virtual Health-Care Organization (VHCO) that contains the definition of the entire organizational structure in order to hide its complexity to the patient. The VHCO provides to the patient face-to-face and virtual encounters through a Web-based Health Serviceflow Management System (WbHSMS), in order to follow her/him also at home.
The WbHSMS is implemented using the YAWL language, and the process is guided by a formal contract that defines: (1) the actors involved in the care process; (2) the type of disease treated; (3) the type of encounters needed by the patient and (4) the timings of their execution. The application described in this paper is the first one in medical field implemented with the YAWL language.
The information in the contract allows the WbHSMS to activate the right services at the right time, while the organizational ontology defining the VHCO provides information about the actors and/or the agents to enact when a service is activated.
The process model can be adapted to different chronic pathologies and home-based care, by simple changes in the contract or in the model if necessary.
Future work will involve the following activities: (1) write custom services for YAWL in order to export the process data and interface the application to a health-care oriented database; (2) implementing and deploying the system in real-life environments; (3) use worklets [49, [46] [47] [48] to add flexibility to the process model, and (4) extending the approach with process mining [53, 51, 52] capabilities to analyze and improve running care processes.
